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Description 

[0001] The invention concerns a method for the manufacturing of a sputter cathode with a layer of material to be 
applied to a substrate by means of sputtering as defined in the preamble of claim 1 . 
5 [0002] Sputtering is a well-known method of applying thin layers of metal to a surface of a substrate in a controlled 
atmosphere by means of gas-discharge at very high voltage - this is also called cathodic vaporation. Such a method 
has for instance been described in the documents EP-A-0300995 and DE-A-401 5387. The latter furthermore uses' a 
plasma spraying technique to apply metal powders to a target 

[0003] Positively charged ions, attracted by the high negative voltage of the sputter cathode, bombard the surface 
10 of the sputter cathode at a very high velocity and with great force so that surface atoms of this cathode are physically 
detached from the surface and leave this surface with great speed to collide with the surface of the substrate opposite, 
on which a film with very specific characteristics is accordingly formed. . 

[0004] The applications of this technique are numerous. An important application, for example, is the forming of a 
transparent and extremely thin metal oxide or nitride film on giass, that e.g. allows infrared rays to be reflected and is 
is therefore very suitable for window panes which then reflect the heat of the sun. This concerns a so-called "LE film" 
(Low Emissivity) with low heat emission. 

[0005] The filtering characteristics are obtained by a series of layers, three for example, with varying refractive in- 
dexes. . 

[0006] The sputtered layers or coatings can be of metal or ceramic. An important number of these optical coatings 
20 are made of a superposition of both. 

[0007] Examples of metallic coatings are silver, gold, nickel-chromium, chromium, while examples of ceramic coat- 
ings are silicon oxide, silicon nitride, titanium oxide, titanium nitride, zinc oxide, tinoxide. 

[0008] Ceramic coatings are generally obtained by means of reactive sputtering. jn this case, a metal is sputtered 
under oxidizing or nitrating conditions (oxygen or nitrogen rest atmosphere), this can be done with fixed plane or 
25 rotating cilindrical targets (cathodes). If the coating is of silicon, a supplementary problem arises because this element 
has a low electrical conductivity. 

[0009] The advantages of rotating targets compared to fixed plane targets are that the sputtering layer is used ho- 
mogeneous and completely, the sputtering velocity is higher and there are less problems of residue formation on the 
target when reactive sputtering is used. As to this last advantage, when reactive sputtering is used for forming a ceramic 

30 layer on a substrate, also a ceramic film is precipitated on the target. If a fixed plane target is used the thickness of 
this film is increasing continuously until the area or zones around and close to the sputtering track is completely insu- 
lated. This will have as a result that these zones will continuously be charged and discharged by arc forming, which 
can only be avoided by applying the low yield and expensive so called "RF sputtering". During n RF sputtering", the 
polarity is alternating, so that no charging can take place. This is less problematic when a rotating target is used because 

35 the formed oxide layer will be sputtered away together with fresh sputtering material at each rotation of the target. 
[0010] If the target is made of silicon, aluminium will be added to increase the electrical conductivity of the sputtering 
layer. This conductivity is very important for preventing arc formation and for extinguishing quickly possible arcs on the 
surface of the sputtering layer. This conductivity is also important for enabling to activate the so called "arc-security ' 
of the power supply of the sputtering device when such an arc arises. 

40 [0011] In this respect, it is very important to obtain a sufficiently homogeneous distribution of the aluminium particles 
in the silicon particles. Indeed, otherwise the risk exists, due to a certain accumulation of the conductive particles, that 
at these places spontaneous electrical arcs originated, with consequences including the local melting of the aluminium 
that solidified as relatively large aluminium droplets on the surface of the anode. 

[0012] The document EP-A-0. 11 5.629 is describing a method as defined hereinabove wherein metal powder has 
45 been mixed with the silicon particles before being applied on the carrier, it has however been found that arc formation 
could generally not be avoided. 

[0013] The invention therefore has the objective of remedying these significant disadvantages, and to present a 
method for manufacturing a cathode with a layer of material that principally consists of low conductivity or non-con- 
ductive particles, that is nevertheless sufficiently electrically conductive to be able to be applied to a substrate by 
50 sputtering. 

[0014] To achieve this objective, the method according to the invention comprises the steps as defined in the char- 
acterizing part of claim 1. 

[0015] The particles mainly contain silicon and the conductive material is formed mainly from nickel. 
[0016] In a special design form of the invention, the quantity of electrically conductive material forms 0.1 to 30 % of 
55 the total quantity of material of the layer, according to the nature of the material used for the forming of the layer 
concerned and the intended applications. 

[0017] In a preferred design form of the method according to the invention, one makes use of a particles of low 
conductivity that are nickel-coated according to the "nickel carbonyl gas plating method". 
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[0018] In a more specific design form of this method, during the metal spraying, in the transverse section of the 
carrier and in the layer of material that is gradually applied to the latter, one maintains practically the same temperature 
gradient as that to which it is subjected during sputtering. 

[0019] Other special aspects and advantages of the invention will become apparent from the following description 
5 of a number of special design forms of the composition of the layer of material, which are to be applied to a substrate 
by sputtering, from a method for the forming of this layer, as well as from a device for the application of this method; 
this description is only provided as an example and does not limit the scope of the invention. The reference numbers 
used below relate to the figures appended. 

[0020] Figure 1 is a schematic transverse section of a sputter cathode. 
10 [0021] Figure 2 is a schematic presentation on a larger scale of a detail of this sputter cathode. 

[0022] Figure 3 is a schematic longitudinal section presentation of a device used for the manufacture of the sputter 
cathode concerned. 

[0023] In these figures the same reference figures concern the same or analogous elements. 

[0024] the sputter cathode manufactured, according to the method according to the invention consists principally 

is of a carrier of an electrical conductor, preferably of non-magnetic or low-magnetic material, of which the active side is 
coated with a layer of material that is to be applied to a substrate by means of sputtering. This layer principally consists 
of tow conductivity particles that, before being applied to the carrier, are at least partly coated with an electrically 
conductive film of preferably a non-magnetic or low-magnetic material, or that have been converted to a preferably 
almost homogeneous aggregate with a conductive material, and this in such a way that when these particles are applied 

20 to the carrier in the form of a dense layer, i.e. with a minimum porousness, this layer shows sufficient electrical con- 
ductivity for it to be applied to the substrate t?y means of sputtering. 

[0025] The low conductive material of these particles consists mainly of silicon, while the conductive material is 
preferably mainly formed of nickel. 

[0026] In a more specific form of the invention, the conductive material forms ain extremely thin film around the non- 
25 conductive material covering preferably at least 50 % of the particles of low conductive material, so that when the 
particles are applied to the carrier of the sputter cathode in the form of a layer, an electrically conductive layer originates 
of which, moreover, the conductivity is also practically constant over the entire surface of the carrier which is coated 
with this layer. 

[0027] Very good results were obtained when at least 80 % of the particles of low conductivity material displayed a 
so granular size of between 10 and 100 micron, and particularly when this granular size was between 20 and 75 micron. 
[0028] According to the granular size, the conductivity desired, the nature of the conductive and non-conductive 
material as well as the applications considered, the quantity of the electrically conductive material varies with regard 
to the total quantity of material of the aforementioned layer. The quantity of the electrically conductive material usually 
forms 0.1 to 30 % of the total quantity of materia! of the sputter material on the carrier of the cathode according to the 
35 invention. If, for example, the non-conductive material consists of silicon nitride, and the film to be formed on the 
substrate by sputtering must be as transparent as possible, the quantity of conductive material, that is formed of nickel 
for example, is preferably 0. 1 to 5 % of the total quantity of material. 

[0029] This is for instance the case if the film is made from silicon nitride, so as to avoid absorption by this film. This 
absorption can be provoked by the presence of metallic nickel in the film. If the film is of silicon oxide, also nickel oxide 
40 and nickel silicide will be formed, which is less problematic for absorption. Moreover, it seems that this combination 
will have an advantageous effect on the quality and durability of the coating. Therefore, if silicon oxide is used as the 
non-conductive material, for the same application, i.e. where a transparent film is to be formed, higher concentrations 
of conductive material can be used, up to, e.g. 10 to 20 % of the total quantity of material. 

[0030] For applications where the film does not have to be transparent, such as with environmentally-friendly pack- 
45 agings for example, the quantity of conductive material can amount to up to.30 % of the total quantity of material. 
[0031] In practice one preferably uses silicon powder of which the particles are coated with nickel according to the 
likewise well-known 'nickelcarbonyl gas plating method', as used, for example, by Inco Ltd. for the coating of graphite 
powder with a nickel film. 

[0032] Accordingly, the smallest possible quantity of nickel can be applied to the silicon powder. In general, this 
so amounts to 1 .3 to 1 .5 % nickel To obtain a composition in the layer of material on the sputter cathode of e.g. 0.5 % 

nickel, one metallizes with a homogeneous mixture of 1 part 1.3 % nickel-coated silicon with 5 parts uncoated silicon. 
' For layers with greater quantities of nickel, the point of departure is either a higher concentration of nickel-coated silicon 

with non-coated silicon, or a smaller ratio between the quantity of coated and non-coated silicon. 

[0033] It is also important that the thickness of this sputtering layer is as great as possible to obtain. the longest 
55 possible period of use of the sputter cathode. This thickness is preferably understood as between 2 and 8 mm, more 

specifically in the range of 3 to 5 mm. 

[0034] In order to increase the efficiency of the sputter cathode, this is fitted, according to an individually recognised 
'. manner, with an electromagnet which is positioned on the side of the carrier opposite to the side where the sputter 
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layer is provided. 

£0035] With a drum-form sputter cathode this electromagnet is to be found inside the drum as close as possible to 
the interior wall of the latter, extended along the whole length of the drum, furthermore, this magnet is so positioned 
with regard to the drum that when the latter is subjected to a rotation movement on its shaft, the magnet remains 
s stationary so that with the rotation of the drum, the inside of the latter moves as compared with this electromagnet. 
[0036] Such a sputter cathode has been designed by "Aircocoating Technology" under the name B C-MAG Rotatable 
Magnetron Cathode". 

[0037] In a more advantageous design form of the invention the thickness of the sputter layer on the drum is somewhat 
thicker in the proximity of the ends of the latter than on the intermediate surface. It has indeed been established that, 
io with the sputtering, more material is used from the outer layer of the drum per time unit at the place opposite the ends 
of the electromagnet than from the intermediate area of the layer. In the longitudinal direction of the drum, this thickening 
preferably has a cross section in the form of a Gauss curve, while the maximum height of this thickening js between 
• 30 and 60 % of the thickness of the centrally situated part of this layer. 

[0038] Another method to enable a more even consumption of the layer along the entire length consists of using a 
is magnetic underlayer at these ends, such as nickel or iron allows, in order to reduce, re-modulate and/or spread out 
the magnetism in this zone and accordingly reduce the sputter speed. 

[0039] Such a drum-formed sputter cathode is presented in figure 1, whereby number 2 indicates the wall of the 
drum 1 , 3 indicates the outer side with the applied sputter layer, and 4 indicates the ring-form thickening at both ends 
oil the drum I opposite the ends of the electromagnet 5. 
20 [0040] In the context of this description and of the invention, 'sputter layer" is understood as : a layer on the outside 
of the sputter cathode; subsequently, in an entirely separate process, the material that forms this layer is transferred 
in the form of a film onto a random substrate - e.g. a glass plate - by sputtering. 

[0041] Neither is the invention limited to a sputter cathode 1 with thickening 4 at its ends, but it also extends to a 
cathode of which the layer 3 has practically a uniform thickness along its whole surface. 
25 [0042] This drum is constructed of an electrically conductive, preferably non-magnetic or low magnetic material such 
as rustproof steel, copper, aluminium or on basis of titanium. 

[0043] A first special and highly interesting design according to the invention is the combination of a titanium-based 
carrier with silicon layer, and this for the following reasons. In addition to the good mechanical properties, good electrical 
conductivity and non-magnetic properties, titanium has the advantage of having a very small coefficient of expansion, 
30 namely 9.4 x 1 Or 6 . For information it can be noted that for silicon the coefficient of expansion is 4 x 1 0" 6 and for rustproof 
steel 18x1 0* 6 . It is evidentthat in view of the substantial thermal loadduring sputtering , the titanium-silicon combination 
has very great advantages, including less crack formation and the possibility of forming greater thicknesses. 
[0044] The titanium used can be any commercially available product Tests were conducted with the following sorts : 



35 



40 



DIN 1746 


DIN 1700 


Composition 


Coefficient of expansion 


%Fe 


%o 


% Pd 


37025 


Ti I 


0,2 


0.10 




9.4 x 10" 6 


37035 


Till 


0.25 


0.20 




9.4 xtO" 6 


37235 


Ti NPd 


0.25 


0.12 


0.12/0.15 
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[0045] Other non-magnetic metals or alloys, more specifically titanium alloys with a coefficient of expansion of less 
than 12 x 10* 6 and preferably less than 10 x 10" 6 , can also be applied in an advantageous manner. 
[0046] A second interesting design is an aluminium carrier. Although this material has an unfavourable coefficient 
of expansion, it has the advantage, in the same way as copper, to have a good thermal conductivity. This will have as 
a result that it will be possible to cool the carrier much easier so that the expansion will be less problematic. 
[0047] Particularly, when the drum consists of copper or a copper alloy, between the drum and the sputter layer, an 
intermediary layer 6 of tin, of nickel or of a nickel-aluminium alloy is preferably applied in order to ensure the. better 
adhesion of the sputter layer 3 on the wall 2 of the drum-formed cathode 1. Such an intermediary layer 6 can also be 
. useful for a rustproof steel drum. 

[0048] Furthermore, according to the invention, it can be of importance when the drum is of copper to subject this 
to a preliminary treatment due to the copper oxide that can be present on the surface. 

[0049] This treatment can consists of applying electrochemical nickel or chemical nickel to the drum. The chemical 
nickelling can, e.g. be effected by the so-called "Kanigen process" according to which the drum is immersed in a cold 
bath of a nickel compound. 

[0050] Then, an adhesion layer 6 of Ni-AI is preferably applied which contains e.g. 9 % Al. Should the drum be of 
rustproof steel, this adhesion layer 6 can be applied directly to the drum without the preliminary treatment. 
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[0051] At a subsequent stage a so-called damping layer can be applied. This has as its main objective the avoidance 
of too significant voltages originating in the sputter layer 3 defined above. This damping layer can be of a variety of 
natures. It may display a certain porosity, ductility and/or elasticity. A zipc layer has the last two properties, for example. 
[0052] Another possibility consists of providing a so-called "degradient layer", which consists of a multiple of con- 

5 secutive sublayers, each with a smaller coefficient of expansion than the previous one. More specifically, the bottom 
sublayer may principally contain metal, while the following layers progressively contain less metal and more silicon. 
[0053] In a special design form the drum is sprayed with a 50/50 mixture of aluminium/stainless steel to a thickness 
of 0.3 mm. Subsequently, the aluminium is pickled away to obtain an extremely porous structure, such as with a porosity 
of approximately 50 %, thereby creating a compensation layer between the silicon and the stainless steel. 

10 [0054] With another design form a fibrous mat of stainless steel is applied to the stainless steel layer. This concerns 
an individually recognised product of which the porosity is practically 80 % and which is usually used as a filter. This 
mat is preferably formed from stainless steel fibres sintered to each other. The thickness of the mat is 0.4 mm, while 
the diameter of the fibres is 0.02 mm. This mat is folded around the drum and kept in place by a wire of 0.5 mm. Then 
the entity is sprayed with the layer 3. With this special design form the entity is subsequently sintered at a temperature 

is of 1050°Cfor6hours. 

[0055] In figure 2 the structure is schematically presented of a certain design form of the sputter layer 3. This consists 
of silicon granules 3a that are coated with a film of conductive material 3b, resulting in perfect electrical conductibility 
through this layer 3. It is not usually required for all silicon granules 3a to be coated, furthermore, for the forming of 
this sputter layer 3 by metal spraying, more particularly flame spraying, use can be made of a mixture of non-conductive 
20 particles fully or partially coated with a conductive material, and not coated non-conductive particles. In some cases, 
instead of coated particles, use can be made of non-conductive particles to which conductive particles are attached. 
On account of the high temperature during the metal spraying process, the conductive particles can then melt and form 
a film around the non-conductive particles. 

[0056] Good results have been obtained by combining silicon particles with 2 to 1 0 % of very fine aluminium powder, 
2S very thin pellets or flakes of which for instance at least have a size smaller than 10 microns and even smaller than 5 
microns, as used in the painting industry. Also the combination of silicon particles with nickel flakes can advantageously 
be used, such as nickel flakes known under the trade mark "Novamet" type HCA-1 , which is a conductive pigment with 
an average thickness of about 1 micron. 

[0057] For the application of the layer 3 on the wall 2 of the drum 1 one preferably uses the individually recognised 
30 metal spraying technique, which involves the projection onto the electrically conductive wail 2 of the drum 1 of low- 
conductive particles coated with a electrically conductive film, or of low-conductive particles that form an aggregate 
with a conductive materia!; this projected material forms a layer 3 that can be applied to a substrate, such as pane 
glass, by sputtering. 

[0058] This metal spraying process is carried out in an advantageous manner in a practically oxygen-free space, a 
3S vacuum for example, using a plasma gas of argon and hydrogen. 

[0059] This metal spraying is also preferably carried out under a controlled press ure of between 1 50 and 1 500 millibar. 

[0060] Very good results have been obtained by making use of silicon particles coated with a nickel film, of which at 

least 80 % have a granular size of 10 to 100 micron, and preferably between 20 and 75 micron. A distinct preference 

is obviously made for particles that are all of the aforementioned granular size. 
40 [0061] After forming the sputter layer 3 on the drum 1 (target) a protecting ring 2a is preferably provided or formed 

at both ends of the latter or the layer 3 of which the electrical conductivity is substantially different from the conductivity 

of the layer 3 itself. This ring 2a is generally located at about 10 mm from the effective sputter zone. It has to be noted 

that both ends of the drum are very sensitive to arcing because they are not continuously cleaned during sputtering. 

This ring 2a can be made of a conductive metal, which is formed of a separate piece fixed on the ends of the drum 1 
<s or is obtained by metal spraying. Very good results have been obtained with titanium and stainless steel. Also aluminium 

can be used. Moreover, it will also be possible to use a ring 2a of electrically insulating or non conductive material, 

such as aluminium oxide. This material can be applied as a relatively thick layer of about 0,3 mm. It is further important 

that if a conductive ring 2a is used, this ring 2a is in closely contact with the conductive wall of the drum, while if a non 

conductive ring is used the latter can be applied on the layer 3 or thickening 4. 
so [0062] In order to avoid the cracking of the sputter layer 3 with use of the sputter cathode, during the application of 

this layer in the transverse section of this wall and of layer 3, which one gradually forms on the wall, one retains 

practically the same temperature gradient as that to which the cathode will be subjected to during sputtering. 

[0063] According to the invention one keeps the inner side of the wall 2 at a constant temperature during the metal 

spraying, for example between 10 and 80°C, preferably by means of water. 
55 [0064] In figure 3 a schematic presentation is provided of a device which is exceptionally suited to the application of 

the. method, according to the invention, for the coating of drum-form sputter cathodes with a layer of material that is to 

be applied to a substrate by means of sputtering. 
' [0065] This device consists mainly of a sealed chamber 7 to which a vacuum pump 8 is connected, and in which a 
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trolley or carriage 9 is mounted to move to and fro opposite the burner outlet 1 0 of the metal spraying equipment 11 
that is connected to chamber 7. 

[0066] On this moveable trojlery or carriage 9 the drum-form carrier 1 for a sputter cathode can be mounted rotatable 
on its shaft. The driving of this drum-formed carrier 1 on its shaft is effected by means of a drive rod 14 which is in line 

5 with the shaft of the drum formed carrier 1 and passes through seal 1 2, situated in the side wall of the sealed chamber 
7. On the part of the rod 14 protruding from this wail, a drive motor 15 is mounted, possibly via a reduction box, that 
accordingly allows the drum-formed carrier 1 to rotate on its shaft. This motor 15 is in turn mounted, in the same way 
as carriage 9, on a moveable frame 16. Hence, during the metal spraying the carrier 1 is able to move to and fro in 
line with its shaft, while rotating around the latter. 

10 [0067] Furthermore, inside the drum-formed carrier 1 a cylinder 17 is fitted coaxially with this drum-formed carrier, 
so as to form a double wall in which cooling water can be introduced. Thjs cylinder is connected axially; to a supply 
pipe 18 for water, which in a preferred design form can be formed by the rod 14 itself and which therefore, in this case, 
consists of a hollow cylinder-shaped pipe. The water supplied at the end of this cylinder 17 leaves the latter at its 
opposite end in the drum, to then flow along the inside of the wall 2 of the drum in the opposite direction to be discharged 

is via a side discharge opening. For this, the drum is sealed watertight at its two ends by two circular discs 19 and 20, 
with which the drum 1 is therefore mounted rotatable on its shaft on the trolley or carriage 9. To further illustrate the 
invention, two concrete examples of the production of a sputter cathode according to the invention are provided. 

Example 1 

20 

[0068] In this example use is made of a cylindrical pipe of stainless steel as a carrier for the rotating sputter cathode. 
[0069] As a first process the pipe was sandblasted and subsequently coated with a layer of nickel-aluminium alloy 
91 % nickel - 9 % aluminium. A next step consisted of applying silicon particles which have been coated with a nickel 
film to the outer wall of the pipe-shaped carrier using the technique of plasma spraying. Here use was made of particles 
25 of which the quantity of nickel in relation to the quantity of silicon amounts to 2.5 %. The flame spraying was effected 
in a plasma gas that consisted of a mixture of argon and hydrogen with proportions of 40 % hydrogen and 60 % argon, 
while the residual atmosphere was composed of practically pure nitrogen. The pressure in chamber 7 was approxi- 
mately 120 millibar. 

[0070] During the plasma spraying the pipe-shaped carrier 2 undergoes a rotation on its shaft at the same time 
so moving to and fro in line with its shaft and this while the inner side is heated to approximately 60°C by warm water, so 
that the temperature of the pipe-shaped carrier is a maximum of 70°C. 

[0071] At the moment of the thickness of the layer formed by the metal spraying of nickel-coated silicon particles 
amounting to approximately 2 to 4 mm along the entire surface of the outer side of the wall 2, the metal spraying is 
stopped, as is the rotary movement of the sputter cathode. 

35 

Example 2 

[0072] In this second example use was made of a copper pipe as a carrier for the sputter cathode. This pipe was 
first sandblasted with a granulate of 1 20 micron and subsequently chemically nickelled to obtain a film thickness of 1 0 
40 micron. Subsequently, this nickel layer was again sandblasted, this time with a granulate of 60. Then followed the 
formation of the sputter layer of silicon particles coated by nickel in the same way as in example 1 . In this design form 
no thermal treatments were applied. 

[0073] The invention is in no way restricted to the design forms described above, and within the framework of the 
Invention a number of changes can be considered, including changes concerning the nature of the material from which 
45 the non-conductive or low conductivity particles are formed, or the electrically conductive material with which the non- 
conductive or low conductivity particles are treated. 

[0074] Furthermore, this electrically conductive material, instead of in the form of a film, can form an intimate aggre- 
gate as extremely small particles with the non-conductive particles of matter, that can be applied, for example, by metal 
spraying or another technique in the form of a solid and dense layer on the carrier of a sputter cathode. 

so [0075] It is also important for the porosity of this layer to be kept to the strict minimum. 

[0076] In general, good results were obtained when use was made of low electrical conductivity particles which were 
coated by an electrically conductive film, which consisted of a material with a melting point in the same range as that 
of the material from which the particles are formed, while the eventual intermediary layer preferably has a melting point 
that is somewhat lower than that of the sputter layer itself. 

S5 [0077] The metal spraying referred to hereinabove consists in fact generally of a flame spraying. 
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Claims 

1 . Method for the manufacture of a sputter cathode, said sputter cathode comprising an electrically conductive carrier 
. and a layer of material formed thereon that is to be applied to a substrate by means of sputtering, said layer of 

material being formed by spraying particles of a low electrical conductivity material onto said electrically conductive 
carrier characterised in that it comprises forming aggregated particles consisting of said low electrical conductivity 
particles and particles of a metal, or at least partially coating said low electrical conductivity particles with a metal, 
and subsequently projecting said aggregated particles or said coated particles onto the electrically conductive 
carrier by the above mentioned spraying technique. 

2. -Method according to claim i , characterized in that at least 50 % of said low electrical conductivity particles are 
coated with said metal. 

3. Method according to claim 1 or 2, characterized in that said metal forms 0.1 to 30 % of the total quantity of the 
15 material of which the layer is formed. 

4. Method according to anyone of claims 1 to 3 characterized in that said coated particles (3a) are used, said metal 
is nickel, and said spraying technique is nickel carbonyl gas plating. 

20 5. Method according to anyone of claims 1 to 4, characterized in that said low electrical conductivity particles (3a) 
consist principally of silicon. 

6. Method according to claim 5, characterized in that said metai is 2 to 10 % of aluminium powder, very thin pellets, 
or flakes, of which at least 80 % have preferably a size smaller than 10 microns, and more preferably smaller than 

25 5 microns, and/or nickel flakes having an average thickness of about 1 micron. 

7. Method according to anyone of claims 1 to 6, characterized in that the spraying is effected in practically oxygen 
free conditions. 

30 8. Method according to claim 7, characterized in that the spraying is effected with a plasma gas of argon and hydrogen 
in a nitrogen residual atmosphere. 

9. Method according to claim 8, characterized in that the spraying is effected in a vacuum. 

35 .10. Method according to anyone of claims 1 to 9, characterized in that the spraying is effected in a gas atmosphere 
with a pressure of 1 50 to 1500 millibar. 

1 1 . Method according to anyone of claims 1 to 1 0, characterized in that at least 80 % of said low electrical conductivity 
particles have a granular size of 10 to 100 micron. 

40 

12. Method according to claim 1i , characterized in that use is made of particles of which at least 80 % have a granular 
size of 20 to 75 micron. 

13. Method according to anyone of claims 1 to 12, characterized in that said carrier contains copper and the surface 
45 of said carrier is nickeled prior to applying the layer. 

1 4. Method according to anyone of claims 1 to 1 3, characterized in that during the spraying, in the transverse section 
of the carrier and in the layer of material that is to be gradually applied to the latter, practically the same temperature 
gradient is retained as that to which the carrier is subjected during sputtering. 

so 

15. Method according to anyone of claims 1 to 14, characterized in that use is made of a carrier with a thickness of 
between 2 mm and 5 mm and a temperature is maintained of between 10 and 80°C during the spraying for the 
side of the carrier opposite to the side on which the layer js to be applied. 

55 1 6. Method according to anyone of claims 1 4 or 15, characterized in that the side is cooled during spraying by means 
of water. 

1 7. Method according to anyone of claims 1 to 1 6, characterized in that a hollow drum is used as carrier and, on the 
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cylindrical outer wall of the latter, the layer of material is applied by spraying, while at the same time the inner wall 
is cooled. 

Method according to anyone of claims 1 to 17, characterized in that, between the carrier and the layer of material 
an adhesion layer is applied of an electrically conductive material, of which the melting point is lower than that of 
the layer of material, said adhesion layer being made from tin, aluminium, or a nickel-aluminium alloy. 

Method according to anyone of claims 1 to 18, characterized in that the sputter cathode is subjected to a thermal 
after-treatment under protective gas or in a vacuum after the layer of material has been applied. 

Method according to claim 19, characterized in that the after-treatment is effected at a temperature between 400 
and1100°C. ' 

21 . Method according to anyone of claim 18, claim 1 9 when dependent on claim 18, or claim 20, characterized in that 
is the after-treatment is effected at practically the melting temperature of the adhesion layer. 

22. Method according to anyone of claims 18 to 20, characterized in that said coated particles are used, said metal 
having a melting point in the same range as that of the material from which the particles are formed. 

20 23. Method for the manufacture of a sputter cathode according to anyone of claims 1 to 22, characterised in that for 
said spraying method a device is used comprising a sealed chamber (17) in which a trolley or carnage (9) is 
mounted in such a way that it can move to and fro opposite the outlet (10) of a metal spraying device (11 ) connected 
to the chamber (7), whereby means (1 4, 1 5, 1 9, 20) are provided for the mounting of a drum-form carrier (1 ) which 
is removable and can rotate on its shaft on this trolley or carriage. 

25 

Patentanspruche 

1. Verfahren zur Herstellung einer Zerstauberkathode, welche einen elektrisch leitenden Trager und eine darauf ge~ 
so bildete Materialschicht aufweist, die auf ein Substrat mittels Zerstaubens aufzubringen ist, wpbei die Material- 

schicht durch Aufspruhen von Partikeln aus einem Material niedriger elektrischer Leitfahigkeit auf den elektrisch 
leitenden Trager gebildet wird, dadurch gekennzeichnet, daG es die Bildung aggregierter Partikel, die aus den 
Partikeln niedriger Leitfahigkeit und aus Partikeln eines Metalls bestehen, oder die zumindest teilweise Beschich- 
tung der Partikel niedriger Leitfahigkeit mit einem Metall und das nachfolgende Aufbringen der aggregierten Partikel 
35 oder der beschichteten Partikel auf den elektrisch leitenden Trager mittels der oben genannten Aufspruhtechnik 

umfaGt. 

2. Verfahren gemaG Anspruch 1, dadurch gekennzeichnet, daG mindestens 50% der Partikel niedriger elektrischer 
Leitfahigkeit mit dem Metall beschichtet werden. 

40 

3. Verfahren gemaG Anspruch 1 oder 2, dadurch gekennzeichnet, daG das Metall 1 bis 30% der gesamten Materi- 
almenge bildet, aus dem die Schicht besteht. 

4. Verfahren gemaG einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daG die beschichteten Partikel (3a) 
45 verwendet werden, das Metall Nickel ist und die Aufspruhtechnik eine Nickeltetracarbonyl-Gasplattierung ist. 

5. Verfahren gemaG einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daG die Partikel (3a) niedriger eiektri- 
. scher Leitfahigkeit hauptsachlich aus Silicon bestehen. 

so 6. Verfahren gemaG Anspruch 5, dadurch gekennzeichnet, daG das Metall aus 2 bis 10% Aluminiumpurver, sehr 
dunnen Pellets oder Flocken, von denen mindestens 80% vorzugsweise kleiner als 10 Mikron und insbesondere 
kleiner als 5 Mikron sind, und/oder aus Nickefflocken mit einer Durchschnittsdicke von etwa 1 Mikron besteht. 

7. Verfahren gemaG einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daG das Aufspruhen unter praktisch 
55 sauerstofffreien Bedingungen erfolgt. 

8. Verfahren gemaG Anspruch 7, dadurch gekennzeichnet, daG das Aufspruhen mit einem Plasmagas aus Argon 
und Wasserstoff in einer Stickstoffrestatmosphare stattfindet. 
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9. Verfahren gemaB Anspruch 8, dadurch gekennzeichnet, daB das Aufspruhen in einem Vakuum stattfindet. 

10. Verfahren gemaB einem der Anspruche 1 bis 9, dadurch gekennzeichnet, daB das AutsprOhen in einer Gasatmo- 
sphare mit einem Druck yon 150 bis 1500 Millibar erfolgt. 

' 6 

11. Verfahren gemaB einem der Anspruche 1-10, dadurch gekennzeichnet, daB rnindestens 80% der Partikei nied- 
riger Leitfahigkeit eine KorngroBe von 1 0 bis 1 00 Mikron aufweisen. 

12. Verfahren gemaB Anspruch 11, dadurch gekennzeichnet, daB Partikei verwendet werden, vondenen rnindestens 
10 80% eine KorngroBe von 20 bis 75 Mikron aufweisen. 

13. Verfahren gemaB einem der Anspruche 1-12, dadurch gekennzeichnet, daB der Trager Kupfer enthalt und die 
Oberflache des Tragers vor dem Auftragen der Schicht vemickelt wird. 

15 14. Verfahren gemaB einem der Anspruche 1-13, dadurch gekennzeichnet, daB wahrend des Aufspruhens im Quer- 
abschnitt des Tragers und in der Materialschicht, die schrittweise auf diesen aufgebracht wird, praktisch derselbe 
Temperaturgradient erhalten wird wie jener, dem der Trager wahrend des Zerstaubens ausgesetzt wird. 

15. Verfahren gemaB einem der Anspruche 1 bis 1 4, dadurch gekennzeichnet, daB ein Trager mit einer Dicke zwischen 
20 2 mm und 5 mm verwendet und auf der Seite des Tragers, die der Seite gegenuberliegt, auf die die Schicht auf- 

getragen werden soli, wahrend des Aufspruhens eine Temperatur zwischen 1 0 und 80°C erhalten wird. 

1 6. Verfahren gemaB einem der Anspruche 1 4 Oder 1 5, dadurch gekennzeichnet, daB die Seite wahrend des Auf spru- 
hens mit Wasser gekuhtt wird. 

25 

17. Verfahren gemaB einem der Anspruche 1 bis 16, dadurch gekennzeichnet, daB eine hohle Trommel als Trager 
verwendet wird und die Materialschicht durch Aufspruhen auf die zylindrische AuBenwand der Trommel aufge- 
bracht wird, wahrend gleichzeitig die Innenwand gekOhit wird. 

30 18. Verfahren gemaB einem der Anspruche 1 bis 17, dadurch gekennzeichnet, daB zwischen dem Trager und der 
Materialschicht eine Haftschicht aus einem elektrisch leitenden Material aufgebracht wird, dessen Schmelzpunkt 
tiefer ist als jener der Materialschicht, wobei die Haftschicht aus Zinn, Aluminium oder einer Nickel-Aluminiumle- 
gierung besteht. 

35 19. Verfahren gemaB einem der Anspruche 1 bis 18, dadurch gekennzeichnet, daB die Zerstauberkathode einer ther- 
mischen Nachbehandlung unter Schutzgas oder in einem \fekuum unterzogen wird, nachdem die Materialschicht 
aufgebracht wurde. 

20. Verfahren gemaB Anspruch 1 9, dadurch gekennzeichnet, daB die Nachbehandlung bei einer Temperatur zwischen 
40 400 und 1100°Causgefuhrt wird. 

21. Verfahren gemaB Anspruch 18, Anspruch 19, wenn dieser von Anspruch 18 abhangig ist, oder Anspruch 20, 
dadurch gekennzeichnet, daB die Nachbehandlung praktisch bei der Schmelzpunkttemperatur der Haftschicht 
ausgef uhrt wird. 

45 

22. Verfahren gemaB einem der Anspruche 18 bis 20, dadurch gekennzeichnet, daB die beschichteten Partikei ver- 
wendet werden, wobei der Schmelzpunkt des Metalls im selben Bereich liegt wie jener des Materials, aus dem 
die Partikei gebildet sind. 

50 23. Verfahren zur Herstellung einer Zerstauberkathode gemaB einem der Anspruche 1 bis 22, dadurch gekennzeich- 
net, daB fur das Auf spruh verfahren eine Vorrichtung verwendet wird, die eine versiegelte Kammer (17) umfaBt, in 
der ein Forderkarren oder eine Schlitten (9) so angebracht ist, daB er sich gegenOber dem AuslaB (10) einer mit 
der Kammer (7) verbundenen MetaHspruhvorrichtung (11) hin- und herbewegen kann, wobei Mittel (14, 15, 19, 
20) zur Montage eines trommelformigen Tragers (1) bereitgestellt werden, der abnehmbar ist und auf seinem 

ss Schaft auf diesem Forderkarren oder Schlitten rotieren kann. 
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Revendications 

1. Procede pour la fabrication d'une cathode pour pulverisation, ladite cathode pour pulverisation comprenant un 
support conducteur de I'electricite et une couche de materiau formee sur celunci, qui doit §tre appliquee sur un 

5 substrat par pulverisation, ladite couche de materiau etant formee en vaporisant des particules de materiau de 

iaible eonductivite electrique sur ledit support conducteur de I'electricite, caracterise en ce qu'il comprend la for- 
mation de particules agregees constituees desdites particules de faible conductivity electrique et de particules 
cfun metal, ou au moins le recouvrement partiel desdites particules de faible conductivrte electrique avec un metal, 
et ensuite la projection desdites particules agregees ou desdites particules recouvertes sur le support conducteur 

10 de I'electricite par la technique de vaporisation susmentionn^e. 

2. Procede suivant la revendication 1 , caracterise en ce qu'au moins 50% desdites particules de faible conductivity 
electrique sont recouvertes dudit metal. 

t5 3. Procede suivant la revendication 1 ou 2, caracterise en ce que ledit metal forme 0,1 a 30% de la quantite totale 
du materiau dont la couche est formee. 

4. Procede suivant Tune quelconque des revendications 1 a 3, caracterisS en ce que lesdites particules recouvertes 
(3a) sont utilisees, en ce que ledit metal est du nickel, et en ce que ladite technique de vaporisation est une 

20 metallisation sous vide de carbonyle de nickel. 

5. Procede suivant Tune quelconque des revendications t a 4, caracterise en ce que lesdites particules de faible 
eonductivite electrique (3a) sont principalement constituees de silicium. 

2S 6. Procede suivant la revendication 5, caracterise en ce que ledit metal est constitu6 de 2 a 10% de pastilles ou 
paillettes tres fines de poudre d'aluminium, dont au moins 80% presentent de preference une taille inf erieure a 1 0 
microns, et plus prSferablement inf erieure a 5 microns, et/ou de paillettes de nickel presentant une epaisseur 
moyenne d'environ 1 micron. 

30 7. Procede suivant Tune quelconque des revendications 1 a 6, caracterise en ce que la vaporisation est effectuee 
dans des conditions pratiquement .exemptes cfoxygene. 

8. Procede suivant la revendication 7, caracterise en ce que la vaporisation est effectuee avec un gaz plasmagene 
d'argon et d'hydrogene dans une atmosphere residuelle d'azote. 

35 , 

9. Procede suivant la revendication 8, caracterise en ce que la vaporisation est effectuee dans un vide. 

10. Procede suivant Tune quelconque des revendications 1 a 9, caracterise en ce que la vaporisation est effectuee 
dans une atmosphere gazeuse avec une pression comprise entre 150 et 1500 millibars. 

40 

1 1 . Procede suivant Tune quelconque des revendications 1 a 1 0, caracterise en ce qu'au moins 80% desdites particules 
de faible eonductivite electrique presentent une taille granulaire comprise entre 10 et 100 microns. 

12. Procede suivant la revendication 11 , caracterise en ce que Ton utilise des particules dont au moins 80% presentent 
45 une taille granulaire comprise entre 20 et 75 microns. 

13. Procede suivant I'une quelconque des revendications 1 a 12, caracterise en ce que ledit support contient du cuivre 
et la surface dudit support est nickelee avant I'application de la couche. 

so 1 4. Procede suivant I'une quelconque des revendications 1 a 1 3, caracterise en ce que, pendant la vaporisation, dans 
la section transversals du support et dans la couche de materiau qui doit etre graduellement appliquee sur ce 
dernier, on conserve pratiquement le meme gradient de temperature que celui auquel le support est soumis pen- 
dant la pulverisation. 

ss 1 5. Precede suivant I'une quelconque des revendications 1 a 1 4, caracterise en ce que Ton utilise un support presentant 
une epaisseur comprise entre 2 mm et 5 mm et une temperature comprise entre 1 0 et 80°C est maintenue pendant 
la vaporisation pour le c6t6 du support oppose au cote sur lequel la couche doit §tre appliquee. 



10 



EP 0 586 809 B1 



16. PrbcSde suivant Tune quelconque des revendications 14 ou 15, caracterise en ce que le cdt6 est refroidi au moyen 
d'eau pendant la vaporisation. 

17. Proc6de suivant Tune quelconque des revendications 1 & 16, caracterise en ce qu'un tambour creux est utilise 
5 comme support et, sur la paroi externe cylindrique de ce dernier, la couche de materiau est appliquee par vapo- 
risation, tandis que dans le meme temps la paroi interne est ref rpidie. 

Procede suivant Tune quelconque des revendications 1 a. 17, caracterise en ce que, entre |e support et !a couche 
de materiau, est appliquee une couche d'adherence d'un materiau conducteur de reiectricite, dont le point de 
fusion est inferieur k celui de la couche de materiau, ladite couche d'adh6rence 6tant faite k partir detain, cfalu- 
minium, ou d'un alliage nickel-aluminium. 

19. Procede suivant Tune quelconque des revendications 1 S 18, caracterise en ce que la cathode pour pulverisation 
est soumise k un traitement ulterieur thermique sous gaz protecteur ou dans un vide apres Implication de la 

is couche de materiau. 

20. Procede suivant la revendication 19, caracterise en ce que le traitement ulterieur est effectue k une temperature 
comprise entre 400 et 11 00°C. 

20 21. Procede suivant la revendication 18, la revendication 1 9 lorsqu'eile depend de la revendication 18, ou la revendi- 
cation 20, caracterise en ce que le traitement ulterieur est effectue* k pratiquement la temperature de fusion de la 
couche d'adherence. 

22. Procede suivant Tune quelconque des revendications 18 a. 20, caracterise en ce que lesdites particules recouvertes 
25 sont utilises, ledit metal presentant un point de fusion compris dans la meme plage que celui du materiau k partir 

duquel les particules sont form£es. 

Procede pour la fabrication d'une cathode pour pulverisation suivant Tune quelconque des revendications 1 k 22, 
caracterise en ce que, pour ledit procede de vaporisation, on utilise un djspositif comprenant une chambre her- 
metique (1 7) dans laquelle un trolley ou un chariot (9) est monte de maniere telle qu'il puisse aller et veriir& I'oppose 
de I'orifice de sortie (10) d'un dispositrf de vaporisation de metal (11) relie k la chambre (7), des moyens (14, 15, 
19, 20) etant prevus pour le montage d'un support en forme de tambour (1) qui est amovible et peut entrer en 
rotation autour de son arbre sur ce trolley ou chariot. 

35 



40 



45 



SO 



55 



11 



EP 0 586 809 B1 




3b 3a 



12 



EP0 586 809 B1 




13 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



